Abstract: Rural economic development can differ intensely among municipalities within the same region. The economic activity disparity among them makes public policy actions difficult. It is possible to find highly efficient and globally competitive producers, as well as those producing for subsistence, in the same area. This disparity stands out the total productivity importance of the factors of production in the agricultural sector, especially the productivity of the land. The way the land is occupied in the rural area, namely crops, pastures, reforestation and other areas, can be indicative of the productivity of the land factor and the value of agricultural production. The products that compose the value of the agricultural production present different land occupation through their own productive characteristic. The main objective of this work was to measure the association between the production value of groups of agricultural products and the diversified uses of the rural area in the production of the municipalities in the state of São Paulo. In this research, 52 agricultural products produced in 2008 were used, grouped in five production value variables and other nine variables of the land use in production of the municipalities in São Paulo. The multivariate statistical technique of canonical correlation was used to measure the association between the product variables group of the production value with the land use group in agricultural activities. It was concluded that there is a strong correlation (94.3%) in the first pair of canonical variables, representing the production value and the land use, allowing groups of municipalities to be formed at different stages of development in agricultural production. It can be verified that 61.8% of the municipalities in the state were below the average in the production group and land use and that only 4.8% were above average for the production variables group and with values below the average in land use. The stages of agricultural development in the municipalities of São Paulo and the association between the production and use of the area can contribute to identify the direction of public policies to increase the productivity of the agricultural sector.
Introduction
 Economic development is a very comprehensive concept. This is a complex subject [1] , since there is no universally accepted definition of development within the academic world. In addition, there are also two distinct currents in the literature: one formed by who are fully inserted in the market up to units that produce practically for subsistence, and in some cases, even suffering from food insecurity, are found [5] .
The heterogeneity is also present in countries, such as India, which is characterized by a large mass of micro producers and large monoculture farms. In a country, like China, where property rights belong to the state, there could be greater symmetry in production. However, with the end of the collective production system, the increase in inequality occurred in a pronounced way. There is a difference in incomes between the provinces of Southeast China, where economic reforms began [6] .
Economic growth is driven by gains in agricultural productivity [7] . Because of this, it relies on resources, such as natural, human and agricultural technology. Rapid agricultural growth raises the efficiency of transfer resources among non-agricultural sectors, resulting in increased overall productivity of agriculture, capital and labor [8] . The heterogeneity of agricultural regions highlights the importance of productivity in the agricultural sector. The determinants of land and labor productivity in Brazilian agriculture in 2006, allowed us to infer that there is a high probability that the best productivity results of these factors are in the same geographic spaces [9] . Most municipalities in the South and Southeast of Brazil had a low productivity index, while few had very high values [9] .
The effects of increased productivity in Brazil can be seen in the negative rates of total input use in the last decade. The areas of pastures had significant reductions, while the number of animals had great increase. Another relevant aspect concerns the reduction of labor in agriculture and the index of capital, which has presented a continuous and intense pattern of growth, resulting in the implementation of agricultural modernization [10] . Labor productivity was the main component associated with the increase in total factor productivity (TFP) [11] ; between 1975 and 2011, the estimate of the annual growth rate of labor productivity was higher than that of land productivity-4.46% against 3.81%. The effect of land productivity on TFP was also significant in this period, being 284.21%, higher than the productivity of the capital, which was 207.22%.
The need to understand the causes of changes in land use has been emphasized in literature [12] . The causes of changes in land use and land cover are dominated by development and environmental policies [13] .
The different forms of land occupation in rural areas, such as crops, pastures, reforestation and other areas, may be indicative of the productivity of the land factor and the value of agricultural production, considering all the production patterns, that is, small, medium and large farms. The products that compose the value of the agricultural production present different land occupation through their own productive characteristic, influencing differently the value of the total production and the productivity of the land. In this way, the result of agricultural economic activity may present significant discrepancies within the same region.
The study of productive variables and land occupation in an isolated way does not consider the possible associations between them, and therefore, makes any deepening of the variation structure ineffective. The use of multivariate statistical techniques, in which there is a structure of simultaneous relationship between variables, constitutes an appropriate alternative for the exploratory and inferential analysis. In this sense, the multivariate statistics for the joint analysis of indicators that evaluate the association of agricultural production and land use in the rural area of a municipality can be an important tool to help consistently the policy manager. Thus, the main objective of this work was to measure the association between the production value of groups of agricultural products and the diversified uses of the rural area in the production of the municipalities in the state of São Paulo. It was also intended to form groups of municipalities with similar characteristics as the value of agricultural production and the use of the area.
Materials and Methods

Materials
Information about the municipalities in São Paulo was used with agricultural production in 2008, due to the official availability of coincident information for the two groups of variables in this year.
The first group of variables calculated the value of production in reais (R$) by product groups, following the division used by the Agricultural Economy Institute of the state of São Paulo [14] , which were described in Table 1 
COA
Complementary area. It includes the other lands with units of agricultural production (UAP), such as those occupied with improvements/facilities (house, barn, stable), dam, pond, road, tracks, fence, as well as unusable areas for agricultural activities. APU Average production unit. It corresponds to UAP average size of the municipality. 1 Capoeira is the area whose vegetation has been mowed and/or burned for cultivation or other purposes, and which is being renewed; 2 Cerrado is a field of low-growing trees, thorny bushes, especially cacti; 3 Cerradão is a xerophilous forest of the plateaus, denser and more varied than the Cerrado.
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Methods
The multivariate statistical technique of canonical correlation analysis was used to evaluate the association between groups of value variables of agricultural production (called "production") and use of the rural area (called "area use"), which simultaneously considers all variables and the entire structure of variation in the data [16] .
This technique measures the existence and the intensity of the association between two sets of random variables, summarizing them by means of linear combinations, in new variables called canonical variables. The correlations between the canonical variables of the first set with those of the second one are called canonical correlations. The coefficients of these linear combinations are determined to obtain the maximum association between the canonical variables, in the set of linear combinations that present variances equal to one and that are not correlated with the previous combinations [16, 17] .
Considering the 14 variables of this study, the random vector of dimension 14, was fractionated into two sets of random vectors of form As the variables were not measured in the same unit, standard variables were used, and consequently, the canonical functions were obtained from the eigenvalues ( ) and the respective eigenvectors (a t , b t ) associated with the determinant equations: and the second set of variables respectively, while R (1, 2) and its transposed matrix R (2, 1) ; the correlation matrix between the X′ (1) vector variables and those presented on X′ (2) vector.
Thus, it was possible to establish five pairs of canonical variables given by linear Eqs. (1) and (2):
where, t = 1, …, min(p, q), i.e., t = 5, and consequently, five coefficients of canonical correlations , between the two sets of variables that were determined in descending order of magnitude. The coefficients of canonical correlations were obtained by Eq. For a better understanding and interpretation of the canonical variables, the correlations of each original variable with the respective canonical variable (canonical charges) were evaluated. Subsequently, by means of descriptive statistics, the product groups were quantified in relation to each quadrant and to the state of São Paulo, and the productivity of the area was determined, considering only permanent, temporary, pasture, reforestation and complementary areas. All analytical results were discussed at 5% level of significance. 
Results and Discussion
Canonical Correlation between the Use of the Area and Agricultural Production
In this study, 633 municipalities were used with area and agricultural production in the state of São Paulo. Table 3 presented the five canonical correlations found. The first four group was significant (P < 0.001), with values equal to 0.943, 0.655, 0.557 and 0.439, respectively.
With these significant results (P < 0.001), it is possible to affirm that there are four canonical variables expressing distinct characteristics regarding the agricultural production (u 1 , u 2 , u 3 and u 4 ) associated with canonical variables expressing certain situations of use of the rural area (v 1 , v 2 , v 3 and v 4 ) However, in this study, the association between the pair of canonical variables (u 1 , v 1 ), which presented a significant correlation of 0.943 and represented 84.72% of the variability contained in the data, was used to deepen the discussion of the results. This association points out interesting aspects of the influence of agricultural production and the use of the rural area of the municipalities in São Paulo.
The canonical functions of the first pair of variables can be described in relation to the variables searched by Eqs. (4) and (5) Fig. 1 showed the dispersion for the first pair of canonical variables (u 1 and v 1 ) relative to the values that these variables assumed in each municipality. Note the positive linear association between the canonical variable v 1 (representing a situation for the use of the rural area) and the variable u 1 (representing jointly the variables of agricultural production).
Division of Municipalities in Quadrants according to Canonical Variables
The municipalities in the first (Q 1 ) and third (Q 3 ) quadrants illustrate the behavior of the correlation. In the use of other factors of production (capital, mainly) is intensified to maintain the upward trend of production.
Assessment of Canonical Charges
In Fig. 2 , there were positive correlations between the original variables and the canonical variable u 1 (agricultural production), with emphasis on vegetable products for industry (0.96), with 46.73% of the state production. In this way, the production of vegetables for industry becomes a driver of the behavior of agricultural production, being an interesting economic indicator of the expected performance for agribusiness. The values of the correlations between production with other groups of products, such as grains and fibers (0.38) and animal products (0.24), fresh fruits (0.31) and oleraceous (0.12), indicate that these variables are an indicator of low trend expression of the municipalities' productive activity.
The canonical variable (area use) has a positive correlation with the variables of temporary area (0.87) and permanent area (0.32), being practically null for the other variables (some express positive and others negative values; all of them close to 0). It should be noted that most of the state's area is occupied by pastures (39.4%), with an association of only 0.004, that is, it does not represent the behavior of the canonical variable related to the area use. The main area indicator is the temporary area variable (32.3% of the state), i.e., higher values of v 1 occur in municipalities with larger areas of temporary crops. Researches on farmers' decision-making [19] attempt to explore which variables lead farmers to innovate, to choose crop or breed. Yet, land use is still an acceptable indicator for the outcome of such decisions.
The positive correlation between the canonical variables u 1 (agricultural production) and v 1 (area use) makes it possible to associate higher values of u 1 when there is greater use of temporary areas and higher values of v 1 in the presence of the group of vegetable products for industry. 
Geographical Distribution of Municipalities according to the Association of Canonical Variables
The map of the state of São Paulo, represented in Fig. 3 , showed the colored municipalities, according to the quadrant to which they belong. It can be seen the formation of groups of municipalities from the same quadrant in adjacent areas. In the white area, there are municipalities without agricultural and/or livestock production concentrated in the metropolitan region of São Paulo (the municipality of São Paulo is in Q 3 , in green), and in the center of the state, the municipality of Águas de São Pedro, also in white.
The municipalities in Q 1 , represented by the color blue, are in the interior of the state, mainly in the North, characterized by the direct relation between production and use of the agricultural area, with productivity of R$2,564.56/ha.
In Q 2 , isolated municipalities are seen, or at most in two, scattered throughout the state, in orange color, characterized by the use of above average area and below average production, with a relation of R$1,253.58/ha. Groups of adjacent municipalities were not observed; a specific study would be considered to verify the factors that justify the low productivity of the land use.
In Q 3 , represented by the green color, the formation of groups has a direct relation between production and area, with a productivity of R$1,760.25/ha, but with values below the average in the state, located predominantly to the south and throughout the coastal region. It should be noted that Q 3 is the quadrant opposite to Q 1 , but it would be possible that Q 3 would have similar productivity per hectare, with less production and area use, proportionally to Q 1 .
However, lower productivity of the area was Table 4 showed the distribution of the area, production value and quantity of municipalities, as well as the productivity of each quadrant and state of São Paulo (total). The largest quadrant of the state is represented by Q 1 with 59.42% of the production, 48.86% of the area and 183 (28.91%) municipalities. The largest number of municipalities is in Q 3 (391), however with 40.14% of the area and 30.35% of the production, that is, smaller municipalities. The quadrants Q 2 and Q 4 are smaller in area (7.06% and 3.94%, respectively) and production (4.28% and 5.95%). It can be seen in Q 1 and Q 4 quadrants that the percentage of the occupied area is lower than the production and productivity is above the state average (R$2,564.56 in Q 1 and R$3,287.13 in Q 4 ), notably where u 1 is positive. The inverse occurs in Q 2 and Q 3 , which has negative u 1 with below-average production and productivity (R$1,253.58 in Q 2 and R$1,760.25 in Q 3 ). Q 1 and Q 4 quadrants presented positive values for the canonical variable u 1 (agricultural production). It can be observed in Table 5 that the main group of products of these quadrants was formed by vegetable products for industry, with 56.87% and 45.03%, respectively. On the other hand, Q 2 and Q 3 quadrants with negative values for u 1 presented animal products as the main group with 43.99% and 39.95% of the total produced in the quadrant.
As for the area use, 45.67% of the area is in temporary crops in Q 1 . In Q 4 , 41.01% is used for pastures, while in Q 2 and Q 3 the pasture was characterized by 48.53% and 50.80%, respectively. It is worth noting the strong correlation between the canonical variable of area v 1 (0.87) with the use of the temporary crops area and the practically null correlation (0.004) with the pasture area.
Pastures occupy 39.39% of São Paulo state area, higher than the sum of permanent crops and temporary crops (38.82%). However, the production value of animal products (beef, poultry, pork, silkworm cocoon, milk, honey and eggs) represents 27% of the total compared to 46.73% for vegetable products for industry. This finding can be verified in the productivity per hectare of Q 2 and Q 3 , with the lowest of the four quadrants (R$1,253.58 and R$1,760.25, respectively), whose main group is animal products (43.99% and 39.95%).
Conclusions
The correlation result from the first pair of canonical variables showed that there was a positive association between the value of agricultural production and the use of rural area.
The group of vegetable products for industry is indicative of the behavior of the production value with a strong association with the group of production variables, as a whole. The use of temporary areas had a strong association with the group of area variables. Therefore, the positive association between the production value and the area allows relating the agricultural production with temporary areas and the area use with vegetable products for industry, i.e., it can be highlighted that municipalities with greater production of vegetables for industry also presented a larger area of temporary crops.
The division of the state in quadrants allowed to identify groups of municipalities in different stages of development of area use. The municipalities in Q 1 formed a geographical cluster of predominantly adjacent municipalities in the interior of the state, especially in the North. On the other hand, the few municipalities in Q 4 quadrant were dispersed throughout the interior of the state. Both showed the highest productivity (above the state average), however, in Q 1 a high productivity and the highest percentage of the rural area of the state were observed, while Q 4 showed high productivity and the smallest portion of area utilization.
Isolated and dispersed municipalities in the interior of the state were observed in Q 2 quadrant, presenting the lowest productivity. No groups of adjacent municipalities were observed, and a specific study is necessary to verify the factors that justify the low productivity of land use. Also showing low productivity (below the state average), Q 3 quadrant presented the formation of the largest group of adjacent municipalities, predominantly to the south and the entire coastal region, with some adjacent clusters in the interior.
Although the pasture area occupies the highest percentage of the state area, corresponding to the sum of the temporary and permanent crop areas, the production of animal products represents approximately half of the value of the production of vegetal products for industry. The municipalities of the quadrants Q 2 and Q 3 were characterized with a greater percentage of pasture area with animal products as the main group, resulting in the lower productivities.
The stages of agricultural development of the municipalities in São Paulo and the association of the production and area use can contribute to identify the direction of public policies to increase the productivity of the agricultural sector.
